Background and Purpose-Variation in the definition of lacunar lesions on imaging and difficulties in their detection may be hampering lacunar stroke research. We assessed literature definitions of imaging lacunar lesions and the definitions and detection of lacunar lesions among small-vessel disease researchers. Methods-We assessed definitions of imaging lacunar lesion in 50 randomly selected articles from 3 stroke-related journals and an online survey of small-vessel disease researchers. In the literature review, we assessed clinical/imaging definitions of lacunar stroke. In the survey, we assessed lacunar lesion detection, effects of lesion appearance, background white matter lesions, and provision of relevant data. Results-Among 50 articles, imaging definitions were varied and often limited; size was stated in 21 of 43 (49%) studies of acute and in 9 of 20 (45%) studies of old lesions and site in 18 (42%) and 4 (20%), respectively. Clinical definitions also varied, and images were read mostly by nonradiologists. Among 56 survey respondents, multiple descriptions were used for recent and old, symptomatic and asymptomatic, lesions on imaging. Most agreed on definitions for site (98%) and "old lacunar infarct" (61%) size. Cavitated (vs noncavitated) lesions were usually identified as lacunar lesions; with increasing white matter lesions, however, noncavitated lesions were very unlikely to be identified, even with prior imaging available (7.8%). Conclusions-Imaging definitions of lacunar lesions vary widely, in part due to variation in lesion detection and classification.
L acunar stroke accounts for Ϸ25% of ischemic stroke. 1 The lacunar hypothesis implies that classic lacunar syndromes are caused by small, deep brain infarcts, secondary to occlusion of a single penetrating artery. 2 However, no clinical stroke syndrome is absolutely specific with respect to pathophysiology. The clinical value of the lacunar hypothesis has been questioned by some, because as many as 20% of lacunar strokes may be caused by pathologies other than a small, deep infarct, including hemorrhage and cortical infarction. 3, 4 Lacunar infarcts are often defined in stroke registries by a combination of clinical features (with or without inclusion of risk factors) and imaging findings, 5 and controversy exists as to whether emboli are an important cause of lacunar infarction. 6 -8 On brain imaging, lacunar lesions form part of a spectrum of features of cerebral small-vessel disease (SVD), which often have overlapping appearances. Some symptomatic lacunar infarcts may never cavitate. 9 Several radiologic terms used for lacunar lesions (for example, "lacunar infarct," "lacunar stroke," and "lacune") appear to be used interchangeably, 10 which may be contributing to the current debate on the causes of lacunar stroke. 6 -8 A survey of 13 neuropathology laboratories showed wide variation in the definitions of SVD features. 11 Variations in clinical, neuropathologic, and radiologic terminology and definitions have complicated research in other related areas such as vascular dementia. [11] [12] [13] [14] [15] [16] [17] Ways of reducing heterogeneity by providing standardized classification systems for the imaging assessment of other radiologic features of SVD (white matter lesions [WMLs] 18 and brain microbleeds 19 ) have been addressed but not the consistency of imaging assessment in lacunar stroke.
In this study, we surveyed the literature to quantify the range and variation of imaging definitions of lacunar lesions and related methodology, including clinical definitions, and used an online survey to assess how current SVD researchers detect and describe lacunar lesions.
Methods

Literature Review
We searched PubMed for articles published between 1998 and 2008 in 3 journals with a focus on stroke (Stroke, Cerebrovascular Diseases, and the Journal of Neurology) by using the terms "lacu-nar," "lacune," and "subcortical." We tested the data collection form on 10 articles before assessing another 50 articles describing lacunar stroke studies in humans. Articles were selected at random by using a random-number generator. Data were extracted by 2 observers (G.M.P., F.J.M.), with data cross-checked by G.M.P., and the third author arbitrated any disagreements. When there were Ն2 articles by the same authors, we took care to avoid data duplication.
We collected data on corresponding author discipline and inclusion of a radiologist in the authorship. We collected details about terminology, definitions, lesion descriptors, imaging modality, timing of imaging, description of magnetic resonance imaging (MRI) sequences, and clinical definitions, including the stroke classification system used and whether imaging findings were incorporated into the clinical definition. For old lacunar lesions only, we assessed differentiation from enlarged perivascular spaces (EPVSs) and correlation with prior relevant symptoms. We also collected data about discipline, number, blinding, and experience of readers.
Literature Review Analysis
We assessed the proportion of articles providing clinical and imaging definitions, imaging modality used, corresponding author discipline, and the number with a radiologist in the authorship. We listed all terms used to describe lacunar lesions on imaging and the proportion using each. We determined proportions (1) describing lesion size, site, attenuation/ intensity, and clinical terminology; (2) providing details about the timing of imaging; (3) attempting to correlate old lesions with symptoms; and (4) attempting to differentiate old lesions from EPVSs.
Online Survey
We established an online survey (SurveyMonkey) to send to researchers with an interest in cerebral SVD. We asked questions about participant discipline, previous publication on lacunar stroke, and involvement of a radiologist in image interpretation.
To assess definitions, we asked participants to select a single answer from a list of several options for site and size of lacunar lesions and definition of EPVSs. To assess detection and description of lacunar lesions, we used 10 case-based examples on brain computed tomography (CT) and MRI. MRI sequences included axial T2, fluid-attenuated inversion recovery (FLAIR), and diffusion-weighted imaging (DWI). We provided a size marker/description of size in each case. We included a "comments box" for all questions. We tested the effects of lesion appearance, presence of concomitant WMLs, and provision of prior imaging on lesion detection. We chose images that allowed us to test 1 or several of these features and included varying amounts of relevant prior information. For case-based examples of old lacunar lesions, we showed T2 and FLAIR sequences (while withholding the positive baseline DWI), provided a history of baseline symptoms in the relevant hemisphere, and indicated that no hemorrhage was visible on MRI gradient-echo imaging. To assess the degree of certainty in lesion detection, we asked participants to indicate whether they thought the lesion was present: "yes, definitely"; "yes, probably"; "yes, possibly"; or "no." We identified SVD researchers from our literature review and from prior knowledge among our stroke research group (for example, previous collaboration). We tested the survey initially in our stroke research group. A survey web link was sent to 147 SVD researchers. We indicated that the survey would take Ϸ10 to 15 minutes to complete and that responses were anonymous. We allowed 3 weeks for completion and sent 2 reminders, extending the deadline by a further 2 weeks each time. We also encouraged sending of the survey link to other interested colleagues.
Survey Analysis
We assessed the number of participants completing each question, their discipline, and previous publication on lacunar stroke (including involvement of a radiologist). For definitions of lacunar lesions and EPVSs, we assessed the number of participants selecting each of the definitions provided. In the case-based examples, we assessed the effects of lesion appearances, concomitant WMLs, provision of prior imaging on lacunar lesion detection/description, and differentiation of lacunes from EPVSs.
Results
Literature Review
Article Type, Authorship, and Type of Lesion From a total of 362 articles, we randomly selected 50 articles (22 from Stroke, 13 from the Journal of Neurology, and 15 from Cerebrovascular Diseases), consisting of 47 original articles and 3 case reports. The corresponding author was usually a neurologist (34 of 50, 68%). The authorship included a radiologist in 13 (26%) articles: 8 of 13 (62%) were general radiologists and 5 (28%) were neuroradiologists (that is, a neuroradiologist con- tributed to 10% of articles overall). Thirty (60%) studies concerned acute lacunar lesions and 7 (14%), old lacunar lesions; 13 (26%) studies concerned both. Thus, a total of 43 articles were relevant for definitions of acute lacunar lesions and 20, of old lacunar lesions.
Radiologic Terminology and Definitions for Lacunar Lesions
Thirteen different terms were used for acute and 10 for old lacunar lesions (Table 1) . "Lacunar infarct" and "lacunar stroke" were used for both acute and old lesions. An imaging definition was provided in 26 of 43 (60%) articles describing acute and in 8 of 20 (40%) articles describing old lesions. Among these, 13 articles concerned both acute and old lesions, and most (6 of 13, 46%) failed to provide a definition for either type of lesion: 4 (31%) provided a definition for only 1 lesion type, 1 (8%) used the same definition for both, and only 2 (15%) provided a separate definition for each.
Radiologic Descriptors for Lacunar Lesions: Site and Size
Lacunar lesion site was defined in 18 of 43 (42%) studies of acute and in 4 of 20 (20%) studies of old lesions, with marked variation in descriptions (Table 2) . Size was provided in 21 of 43 (49%) and in 9 of 20 (45%) studies, respectively, with a greater maximum size used for acute (25 mm) versus old (20 mm) lesions (Table 2) .
EPVSs and Their Differentiation From Lacunes
Of studies on old lacunar lesions, most (17 of 20, 85%) articles did not distinguish EPVSs from old lacunar lesions. A description of EPVSs was given in 7 of 50 (14%) articles on acute lesions, with 7 different descriptions given.
Clinical Terminology, Definitions, and Descriptions
Thirty-eight (76%) articles specified the clinical terminology used (Table 3) . A clinical stroke classification system was used in 8 of 50 (16%) articles (6 using a risk factor-based system, 20 1 a risk factor-free system, 1 and 1 a combination of systems). A clinical stroke definition was provided in 25 of 50 (50%) articles, with most (19 of 25, 76%) referring to a "classic lacunar syndrome," either with or without reference to associated imaging findings (Table 3) . From 20 articles concerning old lesions, correlation with possible, relevant, previous stroke symptoms was attempted in only 2 (10%) cases.
Imaging Modality and MRI Sequences
Among 43 studies concerning acute lesions, 22 (51%) used MRI and 7 (16%) used CT. DWI was performed in 33%. Most (31, 72%) did not provide any details on the timing of imaging in relation to the onset of stroke symptoms. For old lesions, MRI was used in 15 of 20 (75%) articles, CT in 4 (20%), and both modalities in 1 (5%). MRI sequences used to diagnose lacunar lesions were described in 11 (31%) studies concerning acute and in 7 (44%) studies concerning old lacunar lesions. Most articles did not provide a description of lesion attenuation or signal intensity.
Discipline, Number, and Blinding of Image Readers
Among the 20 of 50 (40%) articles providing details on who interpreted brain imaging, most (13 of 20, 65%) indicated that imaging was interpreted by nonradiologists (including at least 1 neurologist in 12 articles and a neuropathologist in 1). Overall, 17 of 50 (34%) studies provided information on blinding of readers, 6 of 50 (12%) indicated the level of reader experience, and 23 of 50 (46%) reported the number of readers.
Online Survey of SVD Researchers
Of 147 researchers with an interest in cerebral SVD to whom the online survey was sent, 56 responded to the survey: 46 of 56 (82%) completed all 10 case-based questions and 44 of 56 (79%) completed the entire survey. The majority of participants were neurologists (25 of 44, 57%). Other disciplines were stroke physicians (12 of 44, 27%), neuroradiologists (6 of 44, 14%), and a geriatrician (1 of 44, 2%). Most respondents (37 of 44, 84.1%) had published articles on SVD, most with involvement of a radiologist (27 of 37, 73%).
Radiologic Definitions of Lacunar Lesions and EPVSs
For definitions of lacunar lesion site, most (43 of 44, 97.7%) respondents selected "territory of deep perforating arteries-brain stem, basal ganglia and white matter" (Table 4) . Definitions selected for size of acute and old lacunar lesions were more varied: for "acute lacunar infarct," 17 of 44 (38.6%) selected 3 to 20 mm, and 9 of 44 (20.5%) selected 3 to 25 mm (Table 4) ; for "old lacunar infarct," 27 (61.4%) selected 3 to 15 mm and 1 participant selected 3 to 25 mm. Numbers of participants selecting each size category (3 to 15 mm, 3 to 20 mm, or 3 to 25 mm) were similar for both "old lacunar infarct" and "lacune." For the EPVSs definition, most (27 of 44, 61.4%) selected "small, round, or linear lesions along the course of penetrating arteries with intensity close to CSF" (Table 4 ). Definitions we provided that did not include specific size criteria were selected more often than those that did (32 of 44, 72.7%, vs 11 of 44, 25%, respectively). Heterogeneity in descriptions for site, size, and presence of cavitation existed between each group of clinicians, including neuroradiologists.
Old Lacunar Lesion Detection/Description: Effect of Lesion Appearance, WMLs, and Prior Imaging
There was a strong tendency to identify cerebrospinal fluidcontaining cavities as lacunar infarcts. Thus, cavitated lesions were identified as lacunar stroke lesions with certainty by 29 of 46 (63%) participants ( Figure 1A ). In the presence of concomitant WMLs, cavitated lesions were much more likely to be identified as lacunar stroke lesions than were noncavitated lesions (29 of 46, 63%, vs 4 of 51, 7.8%, respectively; Figure 1, A and B; 2 PϽ0.001), even when baseline FLAIR images were provided ( Figure 1C) . Indeed, when shown a CT scan with a cavity of cerebrospinal fluid density in the thalamus (without information on whether the original pres- Subcortical MCA territory 0 (0) 
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enting lesion was a hemorrhage or infarct), most respondents selected "lacunar infarct" (25 of 56, 44.6%; Figure 2 ). Noncavitated lesions were identified as lacunar stroke lesions only when they were large and in the absence of other WMLs (33 of 50, 66%, Figure 1D ).
Radiologic Differentiation Between Lacunes and EPVSs
Prominent EPVSs were frequently mistaken for lacunar infarcts (for example, 21 of 47, 44.7%, selecting "Ͼ5 lacunes" when shown the example in Figure 3 ). 
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Radiologic Terminology: Effect of Lesion Site Lacunar lesion descriptions varied depending on site, being greatest for a lesion in the brain stem. From a list of multiple terms provided, 20 of 56 (35.7%) opted to provide an alternative description for the brainstem lesion, many of which implied an underlying mechanism ( Figure 4 ).
Discussion
In a sample of 50 articles from the lacunar stroke literature and in an online survey of cerebral SVD researchers, there was marked variation in imaging terminology and descriptions for lacunar lesions. In the literature review, any type of imaging definition was provided in 26 (60%) studies of acute and in 8 (40%) of old lacunar lesions, with the terms "lacunar infarct" and "lacunar stroke" used for both acute and old, symptomatic and asymptomatic, lesions. Few articles attempted to differentiate old, cavitated lacunes from EPVSs or to seek relevant previous symptoms. Clinical terminology also varied widely and was provided in only 50% of studies. Most articles used a risk factor-based clinical stroke classification system, and the minority indicated a definition for lacunar stroke that incorporated both clinical and imaging information. For acute lesions, only a third of those using MRI used DWI. Nonradiologists interpreted images in most cases. Most studies did not describe lesion attenuation/signal intensity or the diagnostic sequences used. In the online survey, most agreed on definitions for lacunar lesion site and EPVS, but there was less agreement for lacunar lesion size. There was wide variation in lesion recognition and classification: cavitated lesions of any size were detected with the highest degree of confidence but were described by multiple terms, including "lacunar infarct" and "lacunar stroke" (without information about a possible previous hemorrhage or relevant symptoms). Detection of noncavitated lacunar infarcts in the presence of WMLs was poor, and differentiation of lacunes from EPVSs was poor. The strengths of our study include assessment of multiple aspects of definitions and terminology for both acute and old lacunar lesions, both in the literature and among interested experts. For the literature review, we selected articles at random from 3 journals with a stroke focus, which are likely to be reasonably representative of articles in the stroke literature. We collected data on clinical and imaging-related data, thus enabling a wider overall impression of potential problems in lacunar stroke research. We designed a structured online survey to assess multiple aspects of lacunar lesion description and detection. We tested the survey among local stroke researchers to improve the design and relevance before its distribution. Images were carefully chosen to allow us to test specific features that might influence lacunar lesion detection and description. By specifically identifying researchers with an interest in cerebral SVD, we gathered opinions that are likely to be most relevant to lacunar stroke research.
There are limitations of our study. For the literature review, we randomly selected 50 articles from a total of 362 articles 
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in a PubMed search of 3 stroke-related journals; therefore, our data represent a small sample of the lacunar stroke literature. We had planned to sample a larger proportion, but there seemed little point when the first 50 articles yielded so much variation in imaging/clinical definitions of lacunar lesions and related methodologies. Although we did not test other journals, it is unlikely that articles in nonstroke-focused journals would show any less variation. In the online survey, only a third of those invited to participate took part, and a minority were neuroradiologists; however, neurologists have contributed the highest proportion of the lacunar stroke literature. The reasons for nonparticipation and any differences between participants/nonparticipants are unknown, as the responses were anonymous. Forty-four people completed the entire survey, so our data represent only a fraction of opinions; however, most were interested in SVD, therefore, we believe that the responses were sufficient in both detail and quality to document a lack of harmony in imaging assessment of lacunar lesions, even among interested experts who would be more likely to communicate frequently with each other at meetings and through the literature. In most cases, we allowed only a single answer, but participants were able to add further comments by using a "comments box." As in a previous study of neuropathology laboratories, 11 we found marked variation in lacunar lesion definitions. In the survey, we found marked variation for brainstem lesions and a tendency to imply causation, rather than simply to describe the imaging appearance. In both the literature and the online survey, we found interchangeable use of terminology for acute and old, symptomatic and asymptomatic, lacunar lesions, implying a similar etiology, even though etiology may be heterogeneous. 10 Identification of old lacunar lesions was best for cavitated lesions, but because only a fifth of symptomatic lacunar infarcts cavitate, cavitation is an unreliable marker for prior lacunar infarction. 9 Variation in imaging definitions and heterogeneity in the reporting of other lacunar stroke-related features may be contributing to ongoing controversies in lacunar stroke research, 6 -8,21-25 for example, bias in clinical classification systems 20, 26 ; misclassification of cortical as lacunar stroke, based on clinical symptoms alone 3, 4 ; suboptimal detection of acute lacunar infarcts; difficulties in differentiating old lacunes from EPVSs; and limited information on previous neurologic symptoms.
Many SVD researchers do not have access to neuroradiology expertise. It is important that radiologic assessment of lacunar lesions is performed by those with at least some experience, training, and interest in the field. A standardized approach to imaging definitions of lacunar lesions is essential to improve the understanding of lacunar stroke and SVD. This may be best achieved by aiming for a consensus among interested experts, both radiologists and clinicians, with examples and perhaps a validated test set of images, which could be used for training. The imaging definition of lacunar lesions on brain imaging should include an accurate description of the size, shape, location, and appearance in terms of CT attenuation or MRI signal intensity (on all appropriate MRI sequences, but particularly T2, FLAIR, T2*, and DWI). Recent or prior lacunar hemorrhage, which causes Ϸ5% of true lacunar strokes, 27, 28 should be identified by T2* or susceptibility-weighted sequences as a routine. Observers should describe what they see, not what they think they see, as any assumed etiology may be erroneous and further complicate efforts to improve understanding of the true underlying cause in cerebral SVD. The imaging definition should be considered in conjunction with clinical information about the acute stroke and any prior stroke or underlying neurologic impairment.
In our center, we define a recent lacunar "infarct" (as distinct from a hemorrhage) on MRI as a "round or ovoid lesion of increased signal relative to white or deep gray matter on DWI, FLAIR, or T2; hypointense on the apparent diffusion coefficient map (or decreased attenuation relative to white/gray matter on CT) measuring Յ20 mm in maximal diameter, in the cerebral hemispheric white matter or basal ganglia or in the brain stem." In concurrence with some, but by no means all, SVD researchers, we consider 20 mm, rather than 15 mm, the upper limit for acute lacunar infarcts. Lacunar lesions may or may not cavitate with time to form "lacunes." 9 We use the term "lacune" to mean cerebrospinal fluid signal/attenuation-containing cavities that are round or ovoid lesions, measuring 3 to 20 mm in the cerebral hemispheric white matter, basal ganglia, or brain stem. We try to correlate both acute lacunar lesions and old lacunes/noncavitated lacunar lesions with recent or previous stroke symptoms and signs, respectively. Because many acute lacunar lesions will decrease in size over time, we are cautious about calling cavities Ͼ1.5-cm diameter "lacunes" unless there is no other explanation. We define clinical lacunar syndromes according to the Oxfordshire Community Stroke Project Classification, a risk factor-free definition based on neurologic symptoms and signs only. 1 Other research groups must have other definitions, as with ours, possibly arising from particular circumstances of their own practice, such as available technologies, interests, expertise, and beliefs about likely causes of lacunar stroke. However it is achieved, a consensus in lacunar lesion definition, with agreement on use of terminology and then more consistent and accurate use of the terms, accurate lesion description, correlation with relevant clinical symptoms/prior hemorrhage wherever possible, an attempt to distinguish between old lacunes and EPVSs, and avoidance of assumptions about etiology, is urgently needed. 
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